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(54) DATA REPRODUCING EQUIPMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To lessen an error by 
making a control so that a dynamic range be made small 
when an operation of data reproducing equipment is in a 
steady state and that the dynamic range be made large 
when the operation is in a specific state. 
SOLUTION: In this data reproducing equipment, a 
dynamic range of an A/D converter 14 is made small in a 
steady state wherein an input signal is stable in a certain 
degree and thereby a quantization error is lessened, so 
that an error rate be improved. At the time when there 
is the possibility that an input signal to the A/D 
converter 14 changes suddenly, e.g. at the time of 
search, a change in a mode or others, on the other hand, 
the dynamic range of the A/D converter 14 is made 
large, even though the quantization error is allowed in a 
certain degree, and thereby a sufficient saturation 
margin is secured so that an overflow may not occur. 
According to this constitution, an extreme increase of an 
error is prevented. 
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CLAIMS 



[Claim(s)] 

[Claim 1]In a data reproduction apparatus which decodes by changing into digital data an RF 
signal read from a recording medium by an A/D conversion means, and reproduces data, Have a 
dynamic range control means which can carry out variable control of the dynamic range in said 
A/D conversion means, and this dynamic range control means, A data reproduction apparatus 
controlling to enlarge a dynamic range when it is small in a dynamic range when operation of the 
data reproduction apparatus concerned is a stationary state, and operation of the data 
reproduction apparatus concerned is in a special state. 

[Claim 2]The data reproduction apparatus according to claim 1 using a time of being in said 
special state with a prescribed period when a period and/or operational mode to which the data 
reproduction apparatus concerned is performing a search operation change. 
[Claim 3]In a data reproduction apparatus which decodes by changing into digital data an RF 
signal read from a recording medium by an A/D conversion means, and reproduces data, It has a 
dynamic range control means which can carry out variable control of the dynamic range in said 
A/D conversion means accommodative according to an output of said A/D conversion means, 
This dynamic range control means is set up so that the response of dynamic range variable 
control operation according to an output of said A/D conversion means may become late, when 
operation of the data reproduction apparatus concerned is a stationary state, A data 
reproduction apparatus setting up so that the response of dynamic range variable control 
operation according to an output of said A/D conversion means may become early, when 
operation of the data reproduction apparatus concerned is in a special state. 
[Claim 4]The data reproduction apparatus according to claim 3 using a time of being in said 
special state with a prescribed period when a period and/or operational mode to which the data 
reproduction apparatus concerned is performing a search operation change. 
[Claim 5]In a data reproduction apparatus which decodes by changing into digital data an RF 
signal read from a recording medium by an A/D conversion means, and reproduces data, It has a 
dynamic range control means which can carry out variable control of the dynamic range in said 
A/D conversion means accommodative according to an output of said A/D conversion means, A 
data reproduction apparatus, wherein this dynamic range control means is set up so that the 
response of dynamic range variable control operation according to an output of said A/D 
conversion means may become early when it performs control to which a dynamic range of said 
A/D conversion means is expanded. 

[Claim 6]In a data reproduction apparatus which changes into digital data an RF signal read from 
a recording medium by an A/D conversion means, decodes after performing equalization 
processing by an equalization means, and reproduces data, A data reproduction apparatus having 
supervised both an output of said A/D conversion means, and an output of said equalization 
means, and having a dynamic range control means which can carry out variable control of the 
dynamic range in said A/D conversion means accommodative. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention changes into digital data the signal read from the recording 
medium, performs equalization processing and decoding, and relates to the data reproduction 
apparatus which reproduces data. 
[0002] 

[Description of the Prior Art]Various kinds of recording media, such as magnetic tape, a 
magnetic disk, an optical disc, and a magneto-optical disc, and the recording and reproducing 
device corresponding to it have spread. In the playback equipment in a high-density digital 
recording system in recent years, the A/D conversion of a deed and the RF signal by which 
equalization was carried out is carried out for the equalization processing by the analog equalizer 
or a digital filter to the signal (RF signal) read from the recording medium by the playback head. 
And equalization processing, binarization processing, decoding, error correction processing, etc. 
are performed to digital data, and data is reproduced in many cases. This an equalization method 
as RF signal treatment technique of a high-density digital recording system A partial response 
method, It is because the example which adopts the combination (PRML method) of a maximum 
likelihood decoding method (Viterbi decoding: Viterbi detection : Maximum Likelyhood Detection 
Method) for a detection system is increasing. 

[0003]For example, performed binary-ization, when the DAT (digital audio tape) recording and 
reproducing device was mentioned as the example, as RF processing, by the analog limiting 
circuit, old adopted integration equalization, are easy composition of decoding and an error 
correction, and were ending, but. Since the Viterbi detecting operation is the structure which 
binary-izes the detecting point voltage system sequence (sampling-data series) of the RF signal 
by which equalization was carried out by carrying out digital signal processing when a PRML 
method is adopted, the A/D converter for sampling an RF signal is needed. 
[0004] However, it has a dynamic range peculiar as a signal input range in which an analog to 
digital is possible, when an input signal level is not an appropriate range compared with a dynamic 
range, good sample data is not obtained, but the situation where detection errors occur 
frequently produces an A/D converter. 

[0005]That is, when the RF signal of remarkable small amplitude is inputted compared with a 
dynamic range, the quantization error under output (sample data) of an A/D converter increases, 
and since the signal to noise ratio gets worse, a detection error increases. When the RF signal of 
large amplitude which exceeds a dynamic range is inputted, sample data will turn into saturated 
data, namely, the linearity in A/D conversion operation will be spoiled. The signal to noise ratio of 
such sample data has deteriorated in the degree very much, and a detection error increases 
substantially. 

[0006] Drawing 12 - drawing 25 explain these situations. An RF signal is explained that it is the 
waveform by which equalization was carried out by the class 1 partial-response method (PR (1, 
1) method). Drawing 12 is an eye pattern of a class 1 partial-response-equalization waveform. 
This equalization waveform can take three kinds of values, "1", "0", and "-1", with the sample 
point (detecting point) shown by O in a figure. However, since an actual waveform contains a 
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noise, as shown in this figure, it does not converge on one point with a sample point, and it 
* varies. 

[0007]A sampling of such a waveform will acquire the sample data distribution distributed 
focusing on three voltage like drawing 13 . In a 30000-point table, this drawing 13 is the shown 
graph about the sample data value (pressure value) which sampled the RF signal with the A/D 
converter. This is in a state as shown the dynamic range of an A/D converter in the schematic 
diagram 14 , when the accuracy of an A/D converter is 8 bits (-128-+127) and it sets up. That is, 
it is a case where it is assumed that the saturation margin of a certain grade is taken as a 
dynamic range of an A/D converter to the amplitude (slash part) of an RF signal waveform like 
drawing 14 , and the dynamic range of an A/D converter is generally set as a proper state to RF 
signal amplitude. In such a case, sampling-data distribution of about **100 points was acquired 
like drawing 13 . 

[0008]Next, the case where RF signal voltage (amplitude) becomes half mostly like drawing 15 
compared with drawing 14 is considered. The sample data distribution at this time becomes like 
drawing 16 . The same scale as said drawing 13 shows the graph of drawing 16 , and drawing 17 
expanded this. Sample data distribution turns into distribution of the range of about **50 points, 
especially sample data distribution is sparse so that drawing 1 7 may be compared and 
understood to drawing 13 , so that drawing 16 may show. This means that the quantization error 
is increasing because RF signal amplitude becomes small to the dynamic range of an A/D 
converter. 

[0009]Distribution when RF signal voltage (amplitude) becomes about 1/4, and the abbreviation 
1/8 compared with the state of drawing 14 is shown in drawing 1 8 and drawing 20 , respectively. 
The same scale as said drawing 13 shows drawing 18 and drawing 20 , and that to which having 
expanded drawing 18 expanded drawing 19 and drawing 20 is drawing 21 . From these figures, it is 
understood that a quantization error increases, so that it is observed that sample data 
distribution is still more sparse, that is, RF signal amplitude becomes small to the dynamic range 
of an A/D converter. 

[0010]Next, the case where it becomes the thing that RF signal amplitude exceeds the dynamic 
range of an A/D converter is considered. Drawing 22 shows distribution of the sample data at 
the time of setting up the dynamic range of an A/D converter, as shown in drawing 23 . That is, 
compared with the case where the dynamic range is standard like drawing 14 , RF signal 
amplitude is an example used as about 1.5 time. In the distribution state of drawing 22 , the 
maximum of the value of sample data is restricted to +127, the minimum is restricted to -128, 
and being saturated is observed. RF signal voltage is only about 1.5. Although becoming change 
which double size hears was only carried out, the linearity of A/D conversion operation is spoiled 
by this. And normal operation of the Viterbi decoding will not be carried out to such a sample 
data series, but errors will occur frequently. 

[001 1]Furthermore, drawing 24 shows distribution of the sample data at the time of setting up 
the dynamic range of an A/D converter, as shown in drawing 25 . This is the example from which 
RF signal amplitude became twice [ about ] compared with the case where the dynamic range is 
standard like drawing 14 . The maximum of the value of sample data having been restricted to 
+127, and the minimum having been restricted to -128, and being saturated also with the 
distribution state of this drawing 24 is observed. And when RF signal voltage becomes large 
twice [ about ], the linearity of A/D conversion operation will be spoiled greatly, and normal 
operation of the Viterbi decoding will not be carried out to such a sample data series, but errors 
will occur frequently more. 

[0012]When an input signal level is not an appropriate range compared with a dynamic range as 
mentioned above, good sample data will not be obtained from an A/D converter, but detection 
errors will occur frequently. These people performed the proposal indicated to Japanese Patent 
Application No. No. 183945 [ six to ] as advanced technology to such a situation. The art which 
uses an input signal as a suitable level to the dynamic range of an A/D converter by establishing 
the AGC circuit (automatic gain control circuit) which controls the input level of an A/D 
converter according to the output of an A/D converter in this Japanese Patent Application No. 
No. 183945 [ six to ] is indicated. 
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[0013] 

• [Problem(s) to be Solved by the Invention]The following problems are left behind although the 
input signal level to the dynamic range of an A/D converter can usually be made into an 
appropriate range by providing the AGC circuit to the input signal of an A/D converter. 
[0014]In playback equipment, when operational modes, such as reproduction motion and a search 
operation, change, reproduction motion rushes into an existing recording part from the non- 
recording part on a recording medium, and reproduction motion rushes into a non-recording part 
from the existing recording part on a recording medium, an RF signal level may be changed 
sharply. 

[001 5] Although it is required also for the sudden amplitude increase which is produced as the 
dynamic range of the A/D converter mentioned above, and a relation of an input signal level in 
such a case to make management possible, it is required to set up a dynamic range more greatly 
beforehand for the purpose. That is, it is giving a saturation margin. However, in such a case, it is 
also that a quantization error increases. That is, two requirements of [ usually follow only by the 
input level control at the time, and ] reduction in a quantization error and the correspondence to 
sudden large amplitude by an AGC circuit cannot be satisfied. 

[001 6]If the response performance of an AGC circuit is considered about the time of sudden 
change of input signal amplitude, the following problems will arise. Since AGC control is carried 
out so that a small level signal may be in a proper state to the dynamic range of an A/D 
converter till then when RF signal amplitude changes from a small level to a large level suddenly 
first, at the time of a sudden large amplitude input, a dynamic range will become [ too little ] 
relatively. Therefore, since sample data is saturated by the period until an AGC circuit lowers a 
gain to a proper state corresponding to a large amplitude input, the signal to noise ratio 
deteriorates greatly and an error increases it to a degree very much. Therefore, an AGC circuit 
is asked for quick response performance so that it can answer immediately at large amplitude in 
such a case. 

[0017]Since it is in the state where the dynamic range is adapted for the large amplitude RF 
signal till then when RF signal amplitude changes from a large level to a small level suddenly, a 
dynamic range will become excessive relatively to a small level input. For this reason, a 
quantization error increases and degradation of the signal to noise ratio and increase of an error 
arise also in this case. Therefore, an AGC circuit is asked for quick response performance also in 
this case. 

[001 8] However, if speed of response is sped up, convergency will worsen and an AGC loop will 
become unstable. For this reason, high speed response-ization was not able to be performed, so 
that it could respond to the sudden amplitude change enough. And in the apparatus to which 
operational modes, such as reproduction/search, change from the difficult situation of high- 
speed-response-izing frequently like computer data storage apparatus, it became 
disadvantageous especially. That is, it is because an overhead until an AGC circuit is stabilized 
becomes long and the reaction velocity of apparatus becomes slow by this. 
[0019]Considering the device furthermore provided with the digital equalizing circuit, even if 
sample data is not saturated with the output stage story of an A/D converter, there is a 
possibility that overflow may arise to data by the operation of a digital equalizing circuit. Since 
change of an equalization characteristic cannot be predicted in the case of the apparatus which 
adjusts especially an equalization characteristic automatically (adaptive equalization), supervising 
also about the output signal of an equalizing circuit is called for. 
[0020] 

[Means for Solving the Problem]While this invention presupposes that it is controllable so that a 
dynamic range and an input signal level of an A/D conversion means may be in an always 
suitable state in view of the above problems, conflicting requirements of making small enlarging a 
dynamic range of an A/D conversion means and acquiring a saturation margin, and a quantization 
error — a case — a division — being able to be satisfied — making — things, opposite 
requirements of the stability of a control loop, and improvement in the speed of speed of 
response — a case — a division — being able to be satisfied — making — things. When 
required, in performing giving priority to a measure against saturation over a measure against a 
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quantization error, and digital equalization, it aims at realizing prevention from saturation in the 
digital equalization processing. 

[0021 ]For this reason, have a dynamic range control means which can carry out variable control 
of the dynamic range in an A/D conversion means first, and this dynamic range control means, 
When operation of the data reproduction apparatus concerned is a stationary state, it is small in 
a dynamic range, and it controls to enlarge a dynamic range, when operation of the data 
reproduction apparatus concerned is in a special state. That is, while carrying out variable 
control of the dynamic range so that a dynamic range and an input signal level of an A/D 
conversion means may be in an always suitable state, Although a sudden amplitude change 
makes a dynamic range of an A/D conversion means small and makes a quantization error small 
in a stationary state considered to hardly generate, In the special state where there is a 
possibility that a sudden amplitude change may occur, a dynamic range is enlarged, a saturation 
margin is enlarged and overflow is prevented. 

[0022]It has a dynamic range control means which can carry out variable control of the dynamic 
range in an A/D conversion means accommodative according to an output of an A/D conversion 
means. This dynamic range control means is set up so that the response of dynamic range 
variable control operation according to an output of an A/D conversion means may become late, 
when operation of the data reproduction apparatus concerned is a stationary state, It is made to 
be set up so that the response of dynamic range variable control operation according to an 
output of an A/D conversion means may become early, when operation of the data reproduction 
apparatus concerned is in a special state. That is, while carrying out variable control of the 
dynamic range so that a dynamic range and an input signal level of an A/D conversion means 
may be in an always suitable state, The response of control is made late and priority is given to 
stability, and a response is made quick and it enables it to correspond to an amplitude change 
immediately in the special state where there is a possibility that a sudden amplitude change may 
occur, according to a stationary state considered that a sudden amplitude change hardly occurs. 
[0023]As a dynamic range control means which can carry out variable control of the dynamic 
range in an A/D conversion means accommodative according to an output of an A/D conversion 
means, When performing control to which a dynamic range of an A/D conversion means is 
expanded, it carries out as [ become / the response of dynamic range variable control operation 
according to an output of an A/D conversion means / early ]. That is, top priority is given to a 
measure against overflow at the time of dynamic range expansion. 

[0024] Prevention from saturation is realized about both A/D conversion processing and digital 
equalization processing by supervising both an output of an A/D conversion means, and an 
output of said equalization means, and establishing a dynamic range control means which can 
carry out variable control of the dynamic range in an A/D conversion means accommodative. 
[0025] 

[Embodiment of the Invention] Hereafter, the example realized as a DAT recording and 
reproducing device explains the data reproduction apparatus as various embodiments of this 
invention. Although this example digitizes voice data and uses it as record / DAT recording and 
reproducing device to reproduce, Even if it is a DAT system, a system by which other magnetic 
tape media are used, a magnetic disk system, an optical magnetic disk system, and an optical 
disk system as data storage apparatus for computer data etc., this invention is applicable 
similarly. 

[0026][A 1st embodiment] Drawing 1 is a block diagram of the DAT recording and reproducing 
device which performs record/playback of the audio signal over magnetic tape. The analog voice 
signal recorded is inputted from the terminal 1, and is changed into digital data with A/D 
converter 2. And an error correction code is added for every predetermined data unit by the 
encode part 3 for error corrections, and the digital data as a format for record is generated. The 
8-10 modulation process of this digital data is carried out by the eight to 10 modulation part 4, it 
is made into the signal for record, and is supplied to the recording amplifier 6 via PURIKODA 5. 
Since a direct-current (DC) ingredient is cut via the following rotary transformer 7 as a signal for 
this record here, 8-10 abnormal conditions which are DC-free numerals rules are adopted. 
PURIKODA 5 is PURIKODA for example, in class 1 partial response (PR (1, D). 
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[0027]The signal amplified with the recording amplifier 6 is supplied to the recording head 8 in a 
* rotating drum via the rotary transformer 7, and magnetic-recording operation to the magnetic 
tape 90 it is running by the recording head 8 is performed. After the magnetic tape 90 has 
inclined in the height direction to the rotating drum which carries the recording head 8 although 
not illustrated, it runs, being twisted and the rotating drum of a necessary angle degree is 
rotating ****ing to the magnetic tape 90, The recording track what is called by a helical scan is 
formed. 

[0028]At the time of playback, the playback head 9 carried in the rotating drum traces the 
recording track because a rotating drum rotates while the magnetic tape 90 twisted around the 
rotating drum runs, and the recorded data is read. Although it is only that the playback head 9 of 
one recording head [ 8 or 1 ] is shown, a drawing top, Since an azimuth solid recording method is 
adopted actually, two recording heads and two playback heads from which an azimuth angle 
differs will be arranged on the peripheral surface of a rotating drum in the state where the 
predetermined angle separated mutually, respectively. When the head only for [ of two ] record 
and the head only for [ of two ] reproduction are used as a actual gestalt and two record 
reproduction heads are used, one record reproduction head, one recording head each, and a 
playback head may be adopted. 

[0029]The signal read by the playback head 9 is supplied to the playback amplifier 1 1 via the 
rotary transformer 10. The rotary transformer 7 for record and the rotary transformer 10 for 
reproduction may be able to be actually made to serve a double purpose with one rotary 
transformer. Equalization processing of the signal amplified with the playback amplifier 1 1 is 
carried out in the analog equalizing circuit 12, and it is supplied to PLL circuit 13 and A/D 
converter 14. The analog equalizing circuit 12 is provided with the following. 
The integration circuit which has an integration characteristic to low-pass [ for amending the 
differentiation characteristic which it is constituted as what is called a common analog equalizer, 
and the playback head 9 has ]. 

The differentiation circuit which has the differentiation characteristic to the high region for 

amending the loss by the gap of the playback head 9, etc. 

The low pass filter which passes only the signal of a required zone. 

The phase equalizer to which a phase is changed without changing amplitude in order to amend 
the circumference of the phase by this low pass filter. 

[0030]PLL circuit 13 generates reproduction clock CK in sync with the output from the analog 
equalizing circuit 12, and supplies it as an operation clock to A/D converter 14, the digital 
equalizing circuit 15, the binarization circuit 16, the 10-8 converter 17, and the error correction 
part 18. 

[0031]After the output from the analog equalizing circuit 12 is digital-data-ized with A/D 
converter 14, the signal (sample data SD) is inputted into the digital equalizing circuit 15. This 
digital equalizing circuit 15 is formed from a transversal filter and an adaptive equalization 
coefficient calculation circuit. And an adaptive equalization coefficient calculation circuit carries 
out variable generating of the tap coefficient accommodative according to the prediction error 
predicted from the output of a transversal filter, and controls filtering processing of a transversal 
filter. Although the work which minimizes the equalization error which remains in the signal of the 
output stage story of the analog equalizing circuit 12 will be performed in a transversal filter, the 
equalization characteristic for it will be set as an optimum state accommodative with the tap 
coefficient given from an adaptive equalization coefficient calculation circuit. 
[0032]The signal by which filtering processing was carried out in the digital equalizing circuit 15 
is supplied to the binarization circuit 16. In the binarization circuit 16, the signal inputted is 
binary-ized and it outputs to the 10-8 converter 17. In this example, the PRML method shall be 
adopted, the transfer characteristic from PURIKODA 5 to the output of the digital equalizing 
circuit 15 shall be made into a partial response characteristic, and, as for the binarization circuit 
16, Viterbi decoding shall be performed. 

[0033]The 10-8 converter 17 performs decode operation to eight to 10 abnormal conditions at 
the time of record. The decoded data is made into an analog signal with D/A converter 25, after 
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error correction processing is carried out in the error correction part 18. That is, it is considered 
* as an analog voice signal from the first. And it is amplified with the amplifier 26 and outputted as 
a sound from the loudspeaker 27. 

[0034]Sample data SD which is an output of A/D converter 14 is supplied also to the dynamic 
range control circuit 19. Although mentioned later in detail, the dynamic range control circuit 19 
generates the value which sets the dynamic range of A/D converter 14 to sample data SD 
according to the various signals from the control signal generating section 21. Although the value 
is made into an analog voltage value with D/A converter 20, the analog voltage value serves as 
the reference voltage Vref of A/D converter 14. That is, A/D converter 14 is that reference 
voltage is changed by the dynamic range control circuit 19, and the dynamic range of A/D 
conversion operation will be changed. And operation as typically shown in drawing 2 by the 
dynamic range control circuit 19 performing feedback control based on the value of sample data 
SD which is an output of A/D converter 14 is realized. 

[0035] Drawing 2 (a) is a case where RF signal amplitude is a large level comparatively, and it is 
that reference voltage Vref is made into a large value, and a dynamic range can extend when 
such, Let A/D converter 14 be a suitable dynamic range which is provided with a moderate 
saturation margin to an input signal and with which a quantization error will also become small. 
When RF signal amplitude becomes small like drawing 2 (b), it is that reference voltage Vref is 
made into a small value, and a dynamic range is made small, and A/D converter 14 is provided 
with a moderate saturation margin to an input signal, and let it be a suitable dynamic range also 
with a small quantization error. 

[0036] Although the dynamic range control circuit 1 9 performs such dynamic range variable 
control fundamentally, especially as an example of a 1st embodiment, optimal dynamic range 
variable control is performed according to the various signals from the control signal generating 
section 21. 

[0037]The various signals generated from the control signal generating section 21 are as follows. 
The timing reference signal TR is a signal used as the standard of the detection timing of sample 
data SD, for example, it is preferred for it to use the switching pulse (SWP) in sync with the head 
switching of the playback head 9 of the couple which serves as a reverse azimuth mutually, etc. 
as the timing reference signal TR. 

[0038]The stationary state desired value M1 is a desired value for setting up a dynamic range 
comparatively small as a standard dynamic range. The special state target values M2 are desired 
values for setting up the comparatively large dynamic range as a standard dynamic range. 
[0039]Special state detection signal SS is taken as the signal set to "H" from the search 
operation and operational mode transition time in a prescribed period. That is, the period which is 
performing the rapid-traverse search or the rewinding search about playback of the magnetic 
tape 90 is set to "H." With the time of operational mode transition, a reproduction -> stop, 
reproduction -> record, a reproduction -> rapid-traverse search, Reproduction -> A rewinding 
search, a stop -> rapid-traverse search, a stop -> rewinding search, Record -> reproduction, a 
record -> rapid-traverse search, record -> it rewinds, and after a search etc. say the thing at the 
time of all change of operational mode and such operational mode change generates them, as for 
a prescribed period, special state detection signal SS is set to "H." That it is in change and the 
search state of operational mode detects the control signal generating section 21 with the signal 
from the system controller (microcomputer) which is not illustrated, for example, and a circuit 
system which sets special state detection signal SS to "H" by it should just be formed. Or 
naturally it is also possible to operate the system controller itself as the control signal 
generating section 21. 

[0040]It detects that reproduction motion rushed into the existing recording part from the non- 
recording part on the magnetic tape 90, or that reproduction motion rushed into the non- 
recording part from the existing recording part on the magnetic tape 90 from an RF signal state, 
and may be made to set special state detection signal SS to "H" also in that case. 
[0041]By the way, as a dashed line shows drawing 1 , the output of the digital equalizing circuit 
15 is also supplied to the dynamic range control circuit 19, but this serves as composition in 
case a 4th and 5th embodiment mentioned later is adopted. 
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[0042] Drawing 3 shows the important section of the example of the book as a 1st embodiment. 
* The dynamic range control circuit 19 comprises the rectification circuit 31, the peak detection 
circuit 32, the timing generation part 33, the subtractor 34, the low pass filter 35, the multiplier 
36, and the switch 37. 

[0043]Sample data SD from A/D converter 14 is rectified in the rectification circuit 31. The 
situation of the rectifying operation of drawing 4 (a) and (b) is shown. When A/D converter 14 is 
an 8-bit A/D converter, for example, sample data SD can take the value from a positive value to 
a negative value like drawing 4 (a), it serves as 8 bit data. That is, as a quantized value of sample 
data SD, it is distributed to -128-+127. It is rectified in the rectification circuit 31 (absolute- 
valueHzing), and this sample data SD serves as data of only a positive value like drawing 4 (b). 
[0044] Rectified sample data SDS is supplied to the peak detection circuit 32. The peak detection 
circuit 32 comprises the 51 or 8 bits of comparator flip-flop 52, and the switch 53 like drawing 5 . 
A clear signal is supplied to the 8-bit flip-flop 52 from the timing generation part 33. Clock CK 
from PLL circuit 13 is supplied as a latch clock. Rectified sample data SDS is supplied to the 
comparator 51 and Ti terminal of the switch 53. 

[0045]The comparator 51 compares size about the latch output of sample data SDS and the flip- 
flop 52 which are inputted, and controls the switch 53 by the comparison result. That is, only 
when sample data SDS is larger, the switch 53 is connected to Ti terminal, and sample data SDS 
is stored up in the flip-flop 52. The value which connects the switch 53 to To terminal when the 
latch output of the flip-flop 52 is larger than sample data SDS, therefore is accumulated in the 
flip-flop 52 is maintained as it is. The latch output of the flip-flop 52 serves as peak detection 
value PK. 

[0046]This peak detection operation becomes like drawing 4 (c) - (e). The timing generation part 
33 generates the clear signal CLR like drawing 4 (d) to the flip-flop 52 according to the timing 
reference signal TR like drawing 4 (c). The flip-flop 52 is cleared by this clear signal CLR, and 
the latch output of the flip-flop 52 is measured from sample data SDS from that time, Since the 
accumulation value of the flip-flop 52 is updated if sample data SDS is larger, peak detection 
value PK becomes like drawing 4 (e). When the clear signal CLR is generated by one track of the 
reproduction motion on the magnetic tape 90 to 1 time of timing, peak detection value PK is 
obtained by 1 track unit. 

[0047]Peak detection value PK is supplied to the subtractor 34, and the desired value M is 
subtracted. And the error E, i.e., the difference of a peak value and the desired value M, acquired 
by the subtraction is supplied to the low pass filter 35. As the low pass filter 35 is shown in 
drawing 4 (f) from the timing generation part 33, clock (LPF clock) CK L is supplied rather than 

the clear signal to the timing which carried out prescribed period delay, and smooth operation is 
performed based on this LPF clock CK L . That is, the error E in the timing from which peak 

detection value PK of the flip-flop 52 became a peak value in 1 track correctly serves as a 
candidate for data smoothing. And in the low pass filter 35, smoothing is performed for the error 
E inputted between the errors E about a part for a neighboring track, i.e., the number track of 
the past, the multiplication of the coefficient alpha will be carried out with the multiplier 36, and 
the smoothed signal EAV will be outputted to D/A converter 20. 

[0048]As a result of such a series of operations, when peak detection value PK is smaller than 
the desired value M, the output value to D/A converter 20 becomes small, and thereby, the 
dynamic range of A/D converter 14 is corrected in the direction which becomes small. 
Conversely, if peak detection value PK is larger than the desired value M, the dynamic range of 
A/D converter 14 will be corrected in the direction which becomes large. 

[0049]When sample data SD shall take the value of -128 - +127 here, I think that M was set as 
the desired value+1 10. Then, it will be controlled for the peak value of sample data SD of a one 
track period to average in this case, and to be set to **1 10. In this case, the surplus ratio to the 
saturation in A/D converter 14 is {(127-1 10) /1 10} x100=15 (%). 
It comes out. 

[0050]What is necessary is on the other hand, just to make the desired value M small for the 
increase in a quantization error, when [ a certain ] thinking that he would like to increase a 
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saturation surplus ratio, even if it carries out grade permission. For example, it is set as the 
* desired value M+50. Since the dynamic range of A/D converter 14 at this time will change in the 
direction which becomes large to the input signal amplitude to A/D converter 14, a saturation 
surplus ratio increases. Namely, {(127-50) /50} x1 00=1 54 (%) 

It becomes. That is, it will not be saturated until the input to A/D converter 14 large-amplitude- 
izes 2.54 times suddenly. 

[0051] When there is a possibility that large amplitude-ization [ **** / as an input from the 
above thing to A/D converter 14 ] may occur, it is understood that what is necessary is to make 
the value of the desired value M small and just to make a saturation margin high. So, in this 
example, the control signal generating section 21 supplies two values, the stationary state 
desired value M1 and the special state target values M2, to 37Tswitch 1 terminal and T2 terminal 
as a value which can be used as the desired value M, respectively. The stationary state desired 
value M1 sets up a comparatively small dynamic range, and is made into the value for lessening a 
quantization error, for example, is made into M1= "110." The special state target values M2 are 
desired values for setting up a dynamic range comparatively large even if it carries out grade 
permission, in order [ a certain ] to enlarge a saturation margin, for example, the increase in a 
quantization error is made into M2= "50." 

[0052] And the control signal generating section 21 supplies special state detection signal SS set 
to "H" from the search operation and operational mode transition time in a prescribed period to 
the dynamic range control circuit 19 as a switching control signal of the switch 37, as mentioned 
above. If special state detection signal SS is set to "H", T2 terminal will be connected to the 
switch 37, and as for the switch 37, T1 terminal will be connected if special state detection 
signal SS is set to "L" 

[0053]It is the period when special state detection signal SS is "L" at the usual reproduction 
motion time (stationary state), and the stationary state desired value M1 is supplied to the 
subtractor 34 as the desired value M at this time. Therefore, when M1= "1 10", as mentioned 
above, a saturation surplus ratio is 15% and the dynamic range of A/D converter 14 will be 
controlled to an input signal by the suitable state with few quantization errors. On the other 
hand, in a prescribed period, a (special state) and the special state target values M2 are supplied 
to the subtractor 34 as the desired value M from the period, at i.e., the search operation and 
operational mode transition time, when special state detection signal SS is "H." Therefore, if 
M1= "50", as mentioned above, a saturation surplus ratio is 154%, and as for the dynamic range 
of A/D converter 14, although a quantization error is large, it will be controlled to an input signal 
by the state where it had sufficient saturation margin. 

[0054]The situation of dynamic range control is typically shown in drawing 6 . Suppose that 
operational mode changed to the time base direction (at the t1 - t6 time) with the stop -> 
reproduction -> rapid-traverse (FF) search -> rewind (REW) search -> reproduction -> stop. 
Drawing 6 (a) shows change of the desired value M, and drawing 6 (b) shows change of a 
saturation surplus ratio. 

[0055]After reproduction is first started from a halt condition, since special state detection 
signal SS is set to "H", the special state target values M2 are used as the desired value M, fixed 
time's (t0-t1) dynamic range is large, that is, a large saturation margin is taken at it. If it goes 
through predetermined time and special state detection signal SS is set to "L" (t1-t3), the 
stationary state desired value M1 is used as the desired value M, and although a dynamic range 
is small and a saturation margin is small, it will change a quantization error into a small state. 
[0056]If it shifts to a rapid-traverse search from t2 time, special state detection signal SS will be 
set to "H", a dynamic range will be enlarged, and, as for the rewind search at the t3 - t4 time, 
this state will be continued. Even if it furthermore shifts to reproduction motion at the t4 time, 
till t5 point in time which is a prescribed period from mode change, special state detection signal 
SS is still "H", and the state where the dynamic range was enlarged is continued, and t5 time or 
subsequent ones — t6 time — until — it changes a dynamic range into the small state where a 
quantization error is small, as a stationary state. 

[0057]Namely, in this example, an input signal makes the dynamic range of A/D converter 14 
small according to a certain stationary state which is carrying out grade stability, Aim at 
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improvement in an error rate by lessening a quantization error, and on the other hand, when 
^ there is a possibility of causing change with a sudden input signal to A/D converter 14, the time 
of a search and mode change, etc., Even if a certain grade permits a quantization error, the 
dynamic range of A/D converter 14 is enlarged and an error is prevented from increasing to a 
degree very much by taking sufficient saturation margin so that the situation of overflow which 
must be avoided most may not occur. 

[0058][A 2nd embodiment] Drawing 7 and drawing 8 explain the example as a 2nd embodiment. 
The composition as [ whole ] a recording and reproducing device presupposes that it is the same 
as that of drawing 1 , and only an important section is shown in drawing 7 . 
[0059]A different point from the dynamic range control circuit 19 in a 1st embodiment of the 
above in the dynamic range control circuit 19 in this example, It is the point of performing 
operation by which there is no switch 37, the fixed desired value's M being supplied to the 
subtractor 34 from the control signal generating section 21 and special state detection signal SS 
are inputted into the low pass filter 35, and special state detection signal SS controls the 
response time constant of the low pass filter 35. 

[0060]Although the low pass filter 35 is formed as for example, an IIR digital filter, the common 
I model of an IIR digital filter is shown in drawing 8 (a). That is, the multiplication of the input data 

is carried out to the coefficient K with the multiplier 71, and via the adding machine 72, it is 
delayed 1 sample timing and outputted in the delay circuit 73. The multiplication of the output of 
the delay circuit 73 is carried out to a coefficient (1-K) with the multiplier 74 again, and it is fed 
back to the adding machine 72. It is known for such an IIR digital filter that a response time 
constant will change with the values of the coefficient K (and 1-K). 

[0061]So, in this example, the speed of response of a dynamic range control loop is changed by 
making it change the value of the coefficient K (and 1-K) based on special state detection signal 
SS. 

[0062]The period when special state detection signal SS is "L" is at the usual reproduction 
motion time (stationary state), as mentioned above, and an amplitude change rapid as an input of 
A/D converter 14 at this time does not appear, and — in order to raise the stability of a 
dynamic range control loop — the response as the dynamic range control circuit 19 — a certain 
grade — it is better to make it late. Then, the low pass filter 35 sets the period when special 
state detection signal SS is "L", for example to coefficient K= 0.1 and coefficient (1-K) =0.9. 
then, the response time constant of the low pass filter 35 — drawing 8 (b) — like — a certain 
grade — it changes into a late state. 

[0063]On the other hand, in a prescribed period, a (special state) and an amplitude change rapid 
as an input of A/D converter 14 may arise from the period, at i.e., the search operation and 
operational mode transition time, when special state detection signal SS is "H." In such a case, 
it is necessary to react immediately as dynamic range control operation, and to avoid overflow 
and increase of a quantization error. Then, the low pass filter 35 sets the period when special 
state detection signal SS is "H", for example to coefficient K= 0.3 and coefficient (1-K) =0.7, and 
changes a response time constant into a quick state like drawing 8 (c). 

[0064]In such this example, answer immediately [ when an amplitude change rapid as an input of 
A/D converter 14 arises in the time of a search, etc. ], and the dynamic range of A/D converter 
14 is changed properly, Overflow and increase of a quantization error can be avoided and, on the 
other hand, always [ constant ], a late response can realize stability of a dynamic range control 
loop moderately. 

[0065][A 3rd embodiment] Drawing 9 explains the example as a 3rd embodiment. The 
composition as [ whole ] a recording and reproducing device presupposes that it is the same as 
that of drawing 1 , and only an important section is shown in drawing 9 . A different point from the 
example as a 2nd embodiment which this example mentioned above is a point of having formed 
the positive/negative evaluating part 38. About the value of the error E which is an output of the 
subtractor 34, the positive/negative evaluating part 38 distinguishes a positive value or a 
negative value, and supplies it to the low pass filter 35 by making the discriminated result into 
the time number change signal J. 

[0066]As operation of the dynamic range control 19, When the error E is a negative value when 
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peak detection value PK is smaller than the desired value M namely, as mentioned above, It 
* controls so that the dynamic range of A/D converter 14 becomes small, and on the other hand, 
when the error E is a positive value when peak detection value PK is larger than the desired 
value M namely, it controls so that the dynamic range of A/D converter 14 becomes large. The 
positive/negative evaluating part 38 distinguishes whether the present processing controls by 
positive/negative judgment of the error E to become small about whether it controls so that a 
dynamic range becomes large. And the damping time constant of the low pass filter 35 will be 
controlled by the discriminated result. 

[0067] drawing 8 (b) which the low pass filter 35 set, for example to coefficient K= 0.1 and 
coefficient (1-K) =0.9, and was mentioned above when it was distinguished that the error E is 
negative — like — the response time constant of the low pass filter 35 — a certain grade — it 
changes into a late state. On the other hand, when it is distinguished that the error E is positive, 
it is made for the low pass filter 35 to set to coefficient K= 0.3 and coefficient (1-K) =0.7, and it 
changes a response time constant into a quick state like drawing 8 (c). 
[0068]That is, in the dynamic range control circuit 19 of this example, when expanding the 
dynamic range of A/D converter 14, a response is made quick. The time of expanding a dynamic 
range is a time of the input signal amplitude to A/D converter 14 becoming large, that is, is a 
time of a possibility that overflow will arise occurring. Therefore, when such, it is performing 
expansion control of a dynamic range by a quick response, and overflow generating is prevented. 
That is, it can be said that it is what strengthens the preventing function to the overflow which 
must not take place most. 

[0069][A 4th embodiment] The important section of a 4th embodiment is shown in drawing 10 . It 
is the point which he is trying to supervise also about the output of the digital equalizing circuit 
15 as a feature of the dynamic range control circuit 19 in this example as the dashed line 
showed also to drawing 1 . In this example, sample data SD which is an output of A/D converter 
14 is inputted into the rectification circuit 31 A, and is set to sample data SDS1 rectified. The 
output of the digital equalizing circuit 15 is inputted into the rectification circuit 31 B, and is set 
to data SDS2 rectified similarly. 

[0070]Sample data SDS1 rectified in the rectification circuit 31 A is supplied to TS1 terminal and 
the comparator 39 of the switch 40. Data SDS2 rectified in the rectification circuit 31 B is 
supplied to TS2 terminal and the comparator 39 of the switch 40. 

[0071 ]The comparator 39 performs size comparison about the value of data SDS1 inputted and 
SDS2, and outputs the comparison result as a control signal over the switch 40. That is, if data 
SDS1 is larger, terminal TS1 will be connected to the switch 40, and if data SDS2 is larger, 
terminal TS2 will be connected to the switch 40. 

[0072]Therefore, the data of the larger one as an absolute value among the outputs of sample 
data SD outputted from A/D converter 14 and the digital equalizing circuit 15 will be supplied to 
the peak detection circuit 32, and will be made into the object of peak detection operation. And 
like each example mentioned above, peak detection value PK and the desired value M are 
subtracted with the subtractor 34, and variable control of a dynamic range is performed 
according to the acquired error E. 

[0073]In such this example, the digital equalizing circuit 15 will also be included in a dynamic 
range control loop. Even if overflow does not occur in A/D converter 14, there will also be a 
possibility that sample data may overflow by the operation in the digital equalizing circuit 15. 
What is necessary is just to enlarge the dynamic range of A/D converter 14, when there is such 
fear in order to prevent the overflow in the digital equalizing circuit 15. 

[0074]By then, the thing for which the digital equalizing circuit 15 is also included in a dynamic 
range control loop like this example, both the output of the digital equalizing circuit 15 and the 
output of A/D converter 14 are supervised, and peak detection is performed. The dynamic range 
control of A/D converter 14 kept from generating the overflow in the digital equalizing circuit 15 
is attained. 

[0075][A 5th embodiment] The important section of a 4th embodiment is shown in drawing 1 1 . 
This example is provided with all the features of the 1st explained so far - the dynamic range 
control circuit as a 4th embodiment. 



http://www4.ipdl.inpi^ 4/13/2008 



JP,09-245433,A [DETAILED DESCRIPTION] 



Page 11 of 12 



[0076]That is, like a 1st embodiment, it is made for the switch 37 to switch according to special 
* state detection signal SS, that is, the desired value M is switched to the stationary state desired 
value M1 and the special state target values M2 by special state detection signal SS. Thereby, in 
a regular reproduction state, few, at the time of a search, a dynamic range is enlarged at the 
time of mode transition, and a saturation margin is acquired [ with a small dynamic range ] also 
to a sudden large amplitude input the time in a quantization error. 

[0077]Like a 2nd embodiment, while changing the response time constant of the low pass filter 
35 by special state detection signal SS, even if it responds to positive/negative evaluation of the 
error E like a 3rd embodiment, the response time constant of the low pass filter 35 is changed. 
For this reason, special state detection signal SS is supplied to the low pass filter 35 via OR 
gate 41, and the damping time constant change signal J from the positive/negative evaluating 
part 38 is supplied to the low pass filter 35 via OR gate 41. 

[0078]Therefore, at the time of a search, at the time of mode transition, it changes the low pass 
filter 35 into a high speed response state, and also when it carries out expansion control of the 
dynamic range further, it changes it into a high speed response state. Even if an amplitude 
change rapid as an input of A/D converter 14 arises by this, answer immediately and the 
dynamic range of A/D converter 14 is changed properly, A response is made quick so that 
overflow and increase of a quantization error can be avoided, and on the other hand, always 
[ constant ], the stability of a dynamic range control loop is moderately obtained as a late 
response. It enables it to avoid overflow certainly by changing into a high speed response state 
also at the time of the dynamic range expansion with fear of overflow. 

[0079]Since he is trying to incorporate the output of the digital equalizing circuit 15 as well as 
[ still ] a 4th embodiment into a dynamic range control loop, not only A/D converter 14 but the 
function of the prevention from overflow in the digital equalizing circuit 15 will be exhibited. 
[0080] 

[Effect of the Invention]As explained above, in the data reproduction apparatus of this invention. 
It is considered as the dynamic range control means which can carry out variable control of the 
dynamic range in an A/D conversion means, When operation of the data reproduction apparatus 
concerned is a stationary state, it is small in a dynamic range, and it is made to control to 
enlarge a dynamic range, when operation of the data reproduction apparatus concerned is in a 
special state. For this reason, while variable control is carried out, a dynamic range, so that the 
dynamic range and input signal level of an A/D conversion means may be in an always suitable 
state, In the stationary state considered that a sudden amplitude change hardly occurs, the 
dynamic range of an A/D conversion means is made small, a quantization error is made small, 
and improvement in the error rate as regenerative data can be realized. In the special state 
where there is a possibility that a sudden amplitude change may occur, a dynamic range is 
enlarged, a saturation margin is enlarged, preventing overflow at least is realized, and it is 
effective in the ability to prevent an error from increasing to a degree very much. The effect will 
be most demonstrated for using the time of being especially in a special state with the period 
when the data reproduction apparatus concerned is performing the search operation, and a 
prescribed period when operational mode changes effectively. 

[008 1]A dynamic range control means is set up so that the response of the dynamic range 
variable control operation according to the output of the A/D conversion means may become 
late, when operation of the data reproduction apparatus concerned is a stationary state, It is 
setting up so that the response of the dynamic range variable control operation according to the 
output of the A/D conversion means may become early, when operation of the data reproduction 
apparatus concerned is in a special state, When a rapid amplitude change arises in a special 
state, it can answer immediately and a dynamic range can be changed properly, and overflow and 
increase of a quantization error can be avoided. It is effective in the stability of a dynamic range 
control loop being moderately realizable with a late response at the time of regular. The effect is 
most demonstrated effectively by using the time of being in a special state also about this with 
the period when the data reproduction apparatus concerned is performing the search operation, 
and a prescribed period when operational mode changes. 

[0082] Furthermore, by this invention, when performing control to which the dynamic range of an 
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A/D conversion means is expanded, the dynamic range control means is made to be set up so 
that the response of the dynamic range variable control operation according to the output of the 
A/D conversion means may become early. That is, it is effective in the ability to strengthen the 
preventing function to the overflow which must not take place most with making a response 
quick at the time of expansion control of the dynamic range which a possibility that overflow will 
arise generates. 

[0083]Since he is trying to have a dynamic range control means which supervises both the 
output of an A/D conversion means, and the output of an equalization means, and can 
furthermore carry out variable control of the dynamic range in an A/D conversion means 
accommodative in this invention, It is effective in control keep overflow from generating being 
realized about both an A/D conversion means and an equalization means. 

[0084]And from the above effects, as a data reproduction apparatus of this invention, Stability of 
improvement in the reproduction performance of apparatus and search performance and the 
control loop at the time of regular, etc. are realized by improvement in the error rate at the time 
of stationary operation, the prevention from error rate aggravation by the prevention from 
saturation in an A/D conversion means and an equalization means, and improvement in the 
speed of until control-loop stable. For this reason, there are circuitry to add and an effect that it 
is realizable by being simple. 

[Translation done.] 
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TECHNICAL FIELD 



[Field of the Invention]This invention changes into digital data the signal read from the recording 
medium, performs equalization processing and decoding, and relates to the data reproduction 
apparatus which reproduces data. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a block diagram of the recording and reproducing device of an embodiment of the 
invention. 

[Drawing 2]It is an explanatory view of the fundamental dynamic range control action of an 
embodiment. 

[Drawing 3] It is a block diagram of the important section of a 1st embodiment. 

[Drawing 4] It is an explanatory view of operation of the dynamic range control circuit of an 

embodiment. 



[Drawing 5] It 
[Drawing 6]It 
^Drawing 7] It 



.Drawing 8] It 



s a circuit diagram of the peak detection circuit of an embodiment, 
s an explanatory view of dynamic range control operation of an embodiment, 
s a block diagram of the important section of a 2nd embodiment, 
s an explanatory view of the response of the low pass filter of an embodiment, 
s a block diagram of the important section of a 3rd embodiment. 



[Drawing 9] It 

[Drawing 10] It is a block diagram of the important section of a 4th embodiment. 
[Drawing 1 1] It is a block diagram of the important section of a 5th embodiment. 
[Drawing 12] It is an explanatory view of the eye pattern of a partial-response-equalization 
waveform. 

[Drawing 13] It is an explanatory view of the distribution state of sampling data. 
[Drawing 14] It is an explanatory view of a proper dynamic range established state. 
[Drawing 15] Compared with a dynamic range, it is an explanatory view of the state where an 
input signal level is low. 

[Drawing 16] Compared with a dynamic range, it is an explanatory view of the distribution state of 
the sampling data in the state where an input signal level is low. 

[Drawing 1 7] Compared with a dynamic range, it is an explanatory view of the distribution state of 
the sampling data in the state where an input signal level is low. 

[Drawing 18] Compared with a dynamic range, it is an explanatory view of the distribution state of 
the sampling data in the state where an input signal level is lower. 

[Drawing 19] Compared with a dynamic range, it is an explanatory view of the distribution state of 
the sampling data in the state where an input signal level is lower. 

[Drawing 20] Compared with a dynamic range, an input signal level is an explanatory view of the 
distribution state of the sampling data in a state very low to a degree. 

[Drawing 21] Compared with a dynamic range, an input signal level is an explanatory view of the 
distribution state of the sampling data in a state very low to a degree. 

[Drawing 22] Compared with a dynamic range, it is an explanatory view of the distribution state of 
the sampling data in the state where an input signal level is large. 

[Drawing 23] Compared with a dynamic range, it is an explanatory view of the state where an 
input signal level is large. 

[Drawing 24] Compared with a dynamic range, it is an explanatory view of the distribution state of 
the sampling data in the state where an input signal level is still larger. 

[Drawing 25] Compared with a dynamic range, it is an explanatory view of the state where an 
input signal level is still larger. 
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[Description of Notations] 
•48-10 modulation part and 5 PURIKODA, 6 recording amplifier, and 7 and 10 Rotary encoder, 8 
A recording head, 9 playback heads, 11 playback amplifier, and 12 Analog equalizing circuit, 13 A 
PLL circuit, 14 A/D converters, and 15 Digital equalizing circuit, 16 A binarization circuit and 17 
10-8 converter, 18 error correction parts, 19 dynamic range control circuit, 20 A D/A converter 
and 21 [ A subtractor and 35 / A low pass filter and 36 / A switch and 38 / A positive/negative 
evaluating part and 39 / A comparator and 41 / OR gate ] A multiplier, and 37 and 40 A control 
signal generating section, and 31, 31 A and 31 B A rectification circuit, 32 peak detection circuits, 
33 timing generation parts, and 34 



[Translation done.] 
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[Drawing 2] 
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PRIOR ART 



[Description of the Prior Art]Various kinds of recording media, such as magnetic tape, a 
magnetic disk, an optical disc, and a magneto-optical disc, and the recording and reproducing 
device corresponding to it have spread. In the playback equipment in a high-density digital 
recording system in recent years, the A/D conversion of a deed and the RF signal by which 
equalization was carried out is carried out for the equalization processing by the analog equalizer 
or a digital filter to the signal (RF signal) read from the recording medium by the playback head. 
And equalization processing, binarization processing, decoding, error correction processing, etc. 
are performed to digital data, and data is reproduced in many cases. This an equalization method 
as RF signal treatment technique of a high-density digital recording system A partial response 
method, It is because the example which adopts the combination (PRML method) of a maximum 
likelihood decoding method (Viterbi decoding: Viterbi detection : Maximum Likelyhood Detection 
Method) for a detection system is increasing. 

[0003]For example, performed binary-ization, when the DAT (digital audio tape) recording and 
reproducing device was mentioned as the example, as RF processing, by the analog limiting 
circuit, old adopted integration equalization, are easy composition of decoding and an error 
correction, and were ending, but. Since the Viterbi detecting operation is the structure which 
binary-izes the detecting point voltage system sequence (sampling-data series) of the RF signal 
by which equalization was carried out by carrying out digital signal processing when a PRML 
method is adopted, the A/D converter for sampling an RF signal is needed. 
[0004] However, it has a dynamic range peculiar as a signal input range in which an analog to 
digital is possible, when an input signal level is not an appropriate range compared with a dynamic 
range, good sample data is not obtained, but the situation where detection errors occur 
frequently produces an A/D converter. 

[0005]That is, when the RF signal of remarkable small amplitude is inputted compared with a 
dynamic range, the quantization error under output (sample data) of an A/D converter increases, 
and since the signal to noise ratio gets worse, a detection error increases. When the RF signal of 
large amplitude which exceeds a dynamic range is inputted, sample data will turn into saturated 
data, namely, the linearity in A/D conversion operation will be spoiled. The signal to noise ratio of 
such sample data has deteriorated in the degree very much, and a detection error increases 
substantially. 

[0006] Drawing 12 - drawing 25 explain these situations. An RF signal is explained that it is the 
waveform by which equalization was carried out by the class 1 partial-response method (PR (1, 
1) method). Drawing 12 is an eye pattern of a class 1 partial-response-equalization waveform. 
This equalization waveform can take three kinds of values, "1", "0", and with the sample 

point (detecting point) shown by O in a figure. However, since an actual waveform contains a 
noise, as shown in this figure, it does not converge on one point with a sample point, and it 
varies. 

[0007]A sampling of such a waveform will acquire the sample data distribution distributed 
focusing on three voltage like drawing 13 . In a 30000-point table, this drawing 1 3 is the shown 
graph about the sample data value (pressure value) which sampled the RF signal with the A/D 
converter. This is in a state as shown the dynamic range of an A/D converter in the schematic 



http://wsvw4.ipdl.inpit.gojp/cgi-bin/tran_web_cgi_ejje 4/13/2008 



JP,09-245433,A [PRIOR ART] 



Page 2 of 2 



* ^ diagram 14 , when the accuracy of an A/D converter is 8 bits (-128-+127) and it sets up. That is, 
* it is a case where it is assumed that the saturation margin of a certain grade is taken as a 
dynamic range of an A/D converter to the amplitude (slash part) of an RF signal waveform like 
drawing 14 , and the dynamic range of an A/D converter is generally set as a proper state to RF 
signal amplitude. In such a case, sampling-data distribution of about **100 points was acquired 
like drawing 13 . 

[0008]Next, the case where RF signal voltage (amplitude) becomes half mostly like drawing 15 
compared with drawing 14 is considered. The sample data distribution at this time becomes like 
drawing 16 . The same scale as said drawing 13 shows the graph of drawing 1 6 , and drawing 1 7 
expanded this. Sample data distribution turns into distribution of the range of about **50 points, 
especially sample data distribution is sparse so that drawing 17 may be compared and 
understood to drawing 1 3 , so that drawing 16 may show. This means that the quantization error 
is increasing because RF signal amplitude becomes small to the dynamic range of an A/D 
converter. 

[0009] Distribution when RF signal voltage (amplitude) becomes about 1/4, and the abbreviation 
1/8 compared with the state of drawing 14 is shown in drawing 18 and drawing 20 , respectively. 
The same scale as said drawing 1 3 shows drawing 18 and drawing 20 , and that to which having 
expanded drawing 18 expanded drawing 1 9 and drawing 20 is drawing 21 . From these figures, it is 
understood that a quantization error increases, so that it is observed that sample data 
distribution is still more sparse, that is, RF signal amplitude becomes small to the dynamic range 
of an A/D converter. 

[0010]Next, the case where it becomes the thing that RF signal amplitude exceeds the dynamic 
range of an A/D converter is considered. Drawing 22 shows distribution of the sample data at 
the time of setting up the dynamic range of an A/D converter, as shown in drawing 23 . That is, 
compared with the case where the dynamic range is standard like drawing 14 , RF signal 
amplitude is an example used as about 1.5 time. In the distribution state of drawing 22 , the 
maximum of the value of sample data is restricted to +127, the minimum is restricted to -128, 
and being saturated is observed. RF signal voltage is only about 1.5. Although becoming change 
which double size hears was only carried out, the linearity of A/D conversion operation is spoiled 
by this. And normal operation of the Viterbi decoding will not be carried out to such a sample 
data series, but errors will occur frequently. 

[001 1]Furthermore, drawing 24 shows distribution of the sample data at the time of setting up 
the dynamic range of an A/D converter, as shown in drawing 25 . This is the example from which 
RF signal amplitude became twice [ about ] compared with the case where the dynamic range is 
standard like drawing 14 . The maximum of the value of sample data having been restricted to 
+127, and the minimum having been restricted to -128, and being saturated also with the 
distribution state of this drawing 24 is observed. And when RF signal voltage becomes large 
twice [ about ], the linearity of A/D conversion operation will be spoiled greatly, and normal 
operation of the Viterbi decoding will not be carried out to such a sample data series, but errors 
will occur frequently more. 

[0012]When an input signal level is not an appropriate range compared with a dynamic range as 
mentioned above, good sample data will not be obtained from an A/D converter, but detection 
errors will occur frequently. These people performed the proposal indicated to Japanese Patent 
Application No. No. 1 83945 [ six to ] as advanced technology to such a situation. The art which 
uses an input signal as a suitable level to the dynamic range of an A/D converter by establishing 
the AGC circuit (automatic gain control circuit) which controls the input level of an A/D 
converter according to the output of an A/D converter in this Japanese Patent Application No. 
No. 183945 [ six to ] is indicated. 
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EFFECT OF THE INVENTION 



[Effect of the Invention]As explained above, in the data reproduction apparatus of this invention. 
It is considered as the dynamic range control means which can carry out variable control of the 
dynamic range in an A/D conversion means, When operation of the data reproduction apparatus 
concerned is a stationary state, it is small in a dynamic range, and it is made to control to 
enlarge a dynamic range, when operation of the data reproduction apparatus concerned is in a 
special state. For this reason, while variable control is carried out, a dynamic range, so that the 
dynamic range and input signal level of an A/D conversion means may be in an always suitable 
state, In the stationary state considered that a sudden amplitude change hardly occurs, the 
dynamic range of an A/D conversion means is made small, a quantization error is made small, 
and improvement in the error rate as regenerative data can be realized. In the special state 
where there is a possibility that a sudden amplitude change may occur, a dynamic range is 
enlarged, a saturation margin is enlarged, preventing overflow at least is realized, and it is 
effective in the ability to prevent an error from increasing to a degree very much. The effect will 
be most demonstrated for using the time of being especially in a special state with the period 
when the data reproduction apparatus concerned is performing the search operation, and a 
prescribed period when operational mode changes effectively. 

[0081]A dynamic range control means is set up so that the response of the dynamic range 
variable control operation according to the output of the A/D conversion means may become 
late, when operation of the data reproduction apparatus concerned is a stationary state, It is 
setting up so that the response of the dynamic range variable control operation according to the 
output of the A/D conversion means may become early, when operation of the data reproduction 
apparatus concerned is in a special state, When a rapid amplitude change arises in a special 
state, it can answer immediately and a dynamic range can be changed properly, and overflow and 
increase of a quantization error can be avoided. It is effective in the stability of a dynamic range 
control loop being moderately realizable with a late response at the time of regular. The effect is 
most demonstrated effectively by using the time of being in a special state also about this with 
the period when the data reproduction apparatus concerned is performing the search operation, 
and a prescribed period when operational mode changes. 

[0082] Furthermore, by this invention, when performing control to which the dynamic range of an 
A/D conversion means is expanded, the dynamic range control means is made to be set up so 
that the response of the dynamic range variable control operation according to the output of the 
A/D conversion means may become early. That is, it is effective in the ability to strengthen the 
preventing function to the overflow which must not take place most with making a response 
quick at the time of expansion control of the dynamic range which a possibility that overflow will 
arise generates. 

[0083]Since he is trying to have a dynamic range control means which supervises both the 
output of an A/D conversion means, and the output of an equalization means, and can 
furthermore carry out variable control of the dynamic range in an A/D conversion means 
accommodative in this invention, It is effective in control keep overflow from generating being 
realized about both an A/D conversion means and an equalization means. 

[0084]And from the above effects, as a data reproduction apparatus of this invention, Stability of 
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improvement in the reproduction performance of apparatus and search performance and the 
* control loop at the time of regular, etc. are realized by improvement in the error rate at the time 
of stationary operation, the prevention from error rate aggravation by the prevention from 
saturation in an A/D conversion means and an equalization means, and improvement in the 
speed of until control-loop stable. For this reason, there are circuitry to add and an effect that it 
is realizable by being simple. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention]The following problems are left behind although the 
input signal level to the dynamic range of an A/D converter can usually be made into an 
appropriate range by providing the AGC circuit to the input signal of an A/D converter. 
[0014]In playback equipment, when operational modes, such as reproduction motion and a search 
operation, change, reproduction motion rushes into an existing recording part from the non- 
recording part on a recording medium, and reproduction motion rushes into a non-recording part 
from the existing recording part on a recording medium, an RF signal level may be changed 
sharply. 

[001 5] Although it is required also for the sudden amplitude increase which is produced as the 
dynamic range of the A/D converter mentioned above, and a relation of an input signal level in 
such a case to make management possible, it is required to set up a dynamic range more greatly 
beforehand for the purpose. That is, it is giving a saturation margin. However, in such a case, it is 
also that a quantization error increases. That is, two requirements of [ usually follow only by the 
input level control at the time, and ] reduction in a quantization error and the correspondence to 
sudden large amplitude by an AGC circuit cannot be satisfied. 

[001 6]If the response performance of an AGC circuit is considered about the time of sudden 
change of input signal amplitude, the following problems will arise. Since AGC control is carried 
out so that a small level signal may be in a proper state to the dynamic range of an A/D 
converter till then when RF signal amplitude changes from a small level to a large level suddenly 
first, at the time of a sudden large amplitude input, a dynamic range will become [ too little ] 
relatively. Therefore, since sample data is saturated by the period until an AGC circuit lowers a 
gain to a proper state corresponding to a large amplitude input, the signal to noise ratio 
deteriorates greatly and an error increases it to a degree very much. Therefore, an AGC circuit 
is asked for quick response performance so that it can answer immediately at large amplitude in 
such a case. 

[0017]Since it is in the state where the dynamic range is adapted for the large amplitude RF 
signal till then when RF signal amplitude changes from a large level to a small level suddenly, a 
dynamic range will become excessive relatively to a small level input. For this reason, a 
quantization error increases and degradation of the signal to noise ratio and increase of an error 
arise also in this case. Therefore, an AGC circuit is asked for quick response performance also in 
this case. 

[001 8] However, if speed of response is sped up, convergency will worsen and an AGC loop will 
become unstable. For this reason, high speed response-ization was not able to be performed, so 
that it could respond to the sudden amplitude change enough. And in the apparatus to which 
operational modes, such as reproduction/search, change from the difficult situation of high- 
speed-response-izing frequently like computer data storage apparatus, it became 
disadvantageous especially. That is, it is because an overhead until an AGC circuit is stabilized 
becomes long and the reaction velocity of apparatus becomes slow by this. 
[0019]Considering the device furthermore provided with the digital equalizing circuit, even if 
sample data is not saturated with the output stage story of an A/D converter, there is a 
possibility that overflow may arise to data by the operation of a digital equalizing circuit. Since 
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change of an equalization characteristic cannot be predicted in the case of the apparatus which 
* adjusts especially an equalization characteristic automatically (adaptive equalization), supervising 
also about the output signal of an equalizing circuit is called for. 
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MEANS 



[Means for Solving the Problem]While this invention presupposes that it is controllable so that a 
dynamic range and an input signal level of an A/D conversion means may be in an always 
suitable state in view of the above problems, conflicting requirements of making small enlarging a 
dynamic range of an A/D conversion means and acquiring a saturation margin, and a quantization 
error — a case — a division — being able to be satisfied — making — things, opposite 
requirements of the stability of a control loop, and improvement in the speed of speed of 
response — a case — a division — being able to be satisfied — making — things. When 
required, in performing giving priority to a measure against saturation over a measure against a 
quantization error, and digital equalization, it aims at realizing prevention from saturation in the 
digital equalization processing. 

[0021 ]For this reason, have a dynamic range control means which can carry out variable control 
of the dynamic range in an A/D conversion means first, and this dynamic range control means, 
When operation of the data reproduction apparatus concerned is a stationary state, it is small in 
a dynamic range, and it controls to enlarge a dynamic range, when operation of the data 
reproduction apparatus concerned is in a special state. That is, while carrying out variable 
control of the dynamic range so that a dynamic range and an input signal level of an A/D 
conversion means may be in an always suitable state, Although a sudden amplitude change 
makes a dynamic range of an A/D conversion means small and makes a quantization error small 
in a stationary state considered to hardly generate, In the special state where there is a 
possibility that a sudden amplitude change may occur, a dynamic range is enlarged, a saturation 
margin is enlarged and overflow is prevented. 

[0022]It has a dynamic range control means which can carry out variable control of the dynamic 
range in an A/D conversion means accommodative according to an output of an A/D conversion 
means, This dynamic range control means is set up so that the response of dynamic range 
variable control operation according to an output of an A/D conversion means may become late, 
when operation of the data reproduction apparatus concerned is a stationary state, It is made to 
be set up so that the response of dynamic range variable control operation according to an 
output of an A/D conversion means may become early, when operation of the data reproduction 
apparatus concerned is in a special state. That is, while carrying out variable control of the 
dynamic range so that a dynamic range and an input signal level of an A/D conversion means 
may be in an always suitable state, The response of control is made late and priority is given to 
stability, and a response is made quick and it enables it to correspond to an amplitude change 
immediately in the special state where there is a possibility that a sudden amplitude change may 
occur, according to a stationary state considered that a sudden amplitude change hardly occurs. 
[0023]As a dynamic range control means which can carry out variable control of the dynamic 
range in an A/D conversion means accommodative according to an output of an A/D conversion 
means, When performing control to which a dynamic range of an A/D conversion means is 
expanded, it carries out as [ become / the response of dynamic range variable control operation 
according to an output of an A/D conversion means / early ]. That is, top priority is given to a 
measure against overflow at the time of dynamic range expansion. 

[0024] Prevention from saturation is realized about both A/D conversion processing and digital 
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equalization processing by supervising both an output of an A/D conversion means, and an 
output of said equalization means, and establishing a dynamic range control means which can 
carry out variable control of the dynamic range in an A/D conversion means accommodative. 
[0025] 

[Embodiment of the Invention]Hereafter, the example realized as a DAT recording and 
reproducing device explains the data reproduction apparatus as various embodiments of this 
invention. Although this example digitizes voice data and uses it as record / DAT recording and 
reproducing device to reproduce, Even if it is a DAT system, a system by which other magnetic 
tape media are used, a magnetic disk system, an optical magnetic disk system, and an optical 
disk system as data storage apparatus for computer data etc., this invention is applicable 
similarly. 

[0026][A 1st embodiment] Drawing 1 is a block diagram of the DAT recording and reproducing 
device which performs record/playback of the audio signal over magnetic tape. The analog voice 
signal recorded is inputted from the terminal 1, and is changed into digital data with A/D 
converter 2. And an error correction code is added for every predetermined data unit by the 
encode part 3 for error corrections, and the digital data as a format for record is generated. The 
8-10 modulation process of this digital data is carried out by the eight to 10 modulation part 4, it 
is made into the signal for record, and is supplied to the recording amplifier 6 via PURIKODA 5. 
Since a direct-current (DC) ingredient is cut via the following rotary transformer 7 as a signal for 
this record here, 8-10 abnormal conditions which are DC-free numerals rules are adopted. 
PURIKODA 5 is PURIKODA for example, in class 1 partial response (PR (1, 0). 
[0027]The signal amplified with the recording amplifier 6 is supplied to the recording head 8 in a 
rotating drum via the rotary transformer 7, and magnetic-recording operation to the magnetic 
tape 90 it is running by the recording head 8 is performed. After the magnetic tape 90 has 
inclined in the height direction to the rotating drum which carries the recording head 8 although 
not illustrated, it runs, being twisted and the rotating drum of a necessary angle degree is 
rotating ****ing to the magnetic tape 90, The recording track what is called by a helical scan is 
formed. 

[0028]At the time of playback, the playback head 9 carried in the rotating drum traces the 
recording track because a rotating drum rotates while the magnetic tape 90 twisted around the 
rotating drum runs, and the recorded data is read. Although it is only that the playback head 9 of 
one recording head [ 8 or 1 ] is shown, a drawing top, Since an azimuth solid recording method is 
adopted actually, two recording heads and two playback heads from which an azimuth angle 
differs will be arranged on the peripheral surface of a rotating drum in the state where the 
predetermined angle separated mutually, respectively. When the head only for [ of two ] record 
and the head only for [ of two ] reproduction are used as a actual gestalt and two record 
reproduction heads are used, one record reproduction head, one recording head each, and a 
playback head may be adopted. 

[0029]The signal read by the playback head 9 is supplied to the playback amplifier 1 1 via the 
rotary transformer 10. The rotary transformer 7 for record and the rotary transformer 10 for 
reproduction may be able to be actually made to serve a double purpose with one rotary 
transformer. Equalization processing of the signal amplified with the playback amplifier 1 1 is 
carried out in the analog equalizing circuit 12, and it is supplied to PLL circuit 13 and A/D 
converter 14. The analog equalizing circuit 12 is provided with the following. 
The integration circuit which has an integration characteristic to low-pass [ for amending the 
differentiation characteristic which it is constituted as what is called a common analog equalizer, 
and the playback head 9 has ]. 

The differentiation circuit which has the differentiation characteristic to the high region for 

amending the loss by the gap of the playback head 9, etc. 

The low pass filter which passes only the signal of a required zone. 

The phase equalizer to which a phase is changed without changing amplitude in order to amend 
the circumference of the phase by this low pass filter. 

[0030]PLL circuit 13 generates reproduction clock CK in sync with the output from the analog 
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equalizing circuit 12, and supplies it as an operation clock to A/D converter 14, the digital 
equalizing circuit 15, the binarization circuit 16, the 10-8 converter 17, and the error correction 
part 18. 

[0031]After the output from the analog equalizing circuit 12 is digital-data-ized with A/D 
converter 14! the signal (sample data SD) is inputted into the digital equalizing circuit 15. This 
digital equalizing circuit 15 is formed from a transversal filter and an adaptive equalization 
coefficient calculation circuit. And an adaptive equalization coefficient calculation circuit carries 
out variable generating of the tap coefficient accommodative according to the prediction error 
predicted from the output of a transversal filter, and controls filtering processing of a transversal 
filter. Although the work which minimizes the equalization error which remains in the signal of the 
output stage story of the analog equalizing circuit 12 will be performed in a transversal filter, the 
equalization characteristic for it will be set as an optimum state accommodative with the tap 
coefficient given from an adaptive equalization coefficient calculation circuit. 
[0032]The signal by which filtering processing was carried out in the digital equalizing circuit 15 
is supplied to the binarization circuit 16. In the binarization circuit 16, the signal inputted is 
binary-ized and it outputs to the 10-8 converter 17. In this example, the PRML method shall be 
adopted, the transfer characteristic from PURIKODA 5 to the output of the digital equalizing 
circuit 15 shall be made into a partial response characteristic, and, as for the binarization circuit 
16, Viterbi decoding shall be performed. 

[0033]The 10-8 converter 17 performs decode operation to eight to 10 abnormal conditions at 
the time of record. The decoded data is made into an analog signal with D/A converter 25, after 
error correction processing is carried out in the error correction part 18. That is, it is considered 
as an analog voice signal from the first. And it is amplified with the amplifier 26 and outputted as 
a sound from the loudspeaker 27. 

[0034]Sample data SD which is an output of A/D converter 14 is supplied also to the dynamic 
range control circuit 19. Although mentioned later in detail, the dynamic range control circuit 19 
generates the value which sets the dynamic range of A/D converter 14 to sample data SD 
according to the various signals from the control signal generating section 21. Although the value 
is made into an analog voltage value with D/A converter 20, the analog voltage value serves as 
the reference voltage Vref of A/D converter 14. That is, A/D converter 14 is that reference 
voltage is changed by the dynamic range control circuit 19, and the dynamic range of A/D 
conversion operation will be changed. And operation as typically shown in drawing 2 by the 
dynamic range control circuit 19 performing feedback control based on the value of sample data 
SD which is an output of A/D converter 14 is realized. 

[0035] Drawing 2 (a) is a case where RF signal amplitude is a large level comparatively, and it is 
that reference voltage Vref is made into a large value, and a dynamic range can extend when 
such, Let A/D converter 14 be a suitable dynamic range which is provided with a moderate 
saturation margin to an input signal and with which a quantization error will also become small. 
When RF signal amplitude becomes small like drawing 2 (b), it is that reference voltage Vref is 
made into a small value, and a dynamic range is made small, and A/D converter 14 is provided 
with a moderate saturation margin to an input signal, and let it be a suitable dynamic range also 
with a small quantization error. 

[0036]Although the dynamic range control circuit 19 performs such dynamic range variable 
control fundamentally, especially as an example of a 1 st embodiment, optimal dynamic range 
variable control is performed according to the various signals from the control signal generating 
section 21 . 

[0037]The various signals generated from the control signal generating section 21 are as follows. 
The timing reference signal TR is a signal used as the standard of the detection timing of sample 
data SD, for example, it is preferred for it to use the switching pulse (SWP) in sync with the head 
switching of the playback head 9 of the couple which serves as a reverse azimuth mutually, etc. 
as the timing reference signal TR. 

[0038]The stationary state desired value M1 is a desired value for setting up a dynamic range 
comparatively small as a standard dynamic range. The special state target values M2 are desired 
values for setting up the comparatively large dynamic range as a standard dynamic range. 
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\ 9 [0039]Special state detection signal SS is taken as the signal set to "H" from the search 

* operation and operational mode transition time in a prescribed period. That is, the period which is 
performing the rapid-traverse search or the rewinding search about playback of the magnetic 
tape 90 is set to "H." With the time of operational mode transition, a reproduction -> stop, 
reproduction -> record, a reproduction -> rapid-traverse search, Reproduction -> A rewinding 
search, a stop -> rapid-traverse search, a stop -> rewinding search, Record -> reproduction, a 
record -> rapid-traverse search, record -> it rewinds, and after a search etc. say the thing at the 
time of all change of operational mode and such operational mode change generates them, as for 
a prescribed period, special state detection signal SS is set to "H." That it is in change and the 
search state of operational mode detects the control signal generating section 21 with the signal 
from the system controller (microcomputer) which is not illustrated, for example, and a circuit 
system which sets special state detection signal SS to "H" by it should just be formed. Or 
naturally it is also possible to operate the system controller itself as the control signal 
generating section 21. 

[0040]It detects that reproduction motion rushed into the existing recording part from the non- 
recording part on the magnetic tape 90, or that reproduction motion rushed into the non- 
recording part from the existing recording part on the magnetic tape 90 from an RF signal state, 
and may be made to set special state detection signal SS to "H" also in that case. 
[0041]By the way, as a dashed line shows drawing 1 , the output of the digital equalizing circuit 
15 is also supplied to the dynamic range control circuit 19, but this serves as composition in 
case a 4th and 5th embodiment mentioned later is adopted. 

[0042] Drawing 3 shows the important section of the example of the book as a 1st embodiment. 
The dynamic range control circuit 19 comprises the rectification circuit 31, the peak detection 
circuit 32, the timing generation part 33, the subtracter 34, the low pass filter 35, the multiplier 
36, and the switch 37. 

[0043]Sample data SD from A/D converter 14 is rectified in the rectification circuit 31. The 
situation of the rectifying operation of drawing 4 (a) and (b) is shown. When A/D converter 14 is 
an 8-bit A/D converter, for example, sample data SD can take the value from a positive value to 
a negative value like drawing 4 (a), it serves as 8 bit data. That is, as a quantized value of sample 
data SD, it is distributed to -128-+127. It is rectified in the rectification circuit 31 (absolute- 
value-izing), and this sample data SD serves as data of only a positive value like drawing 4 (b). 
[0044] Rectified sample data SDS is supplied to the peak detection circuit 32. The peak detection 
circuit 32 comprises the 51 or 8 bits of comparator flip-flop 52, and the switch 53 like drawing 5 . 
A clear signal is supplied to the 8-bit flip-flop 52 from the timing generation part 33. Clock CK 
from PLL circuit 13 is supplied as a latch clock. Rectified sample data SDS is supplied to the 
comparator 51 and Ti terminal of the switch 53. 

[0045]The comparator 51 compares size about the latch output of sample data SDS and the flip- 
flop 52 which are inputted, and controls the switch 53 by the comparison result. That is, only 
when sample data SDS is larger, the switch 53 is connected to Ti terminal, and sample data SDS 
is stored up in the flip-flop 52. The value which connects the switch 53 to To terminal when the 
latch output of the flip-flop 52 is larger than sample data SDS, therefore is accumulated in the 
flip-flop 52 is maintained as it is. The latch output of the flip-flop 52 serves as peak detection 
value PK. 

[0046]This peak detection operation becomes like drawing 4 (c) - (e). The timing generation part 
33 generates the clear signal CLR like drawing 4 (d) to the flip-flop 52 according to the timing 
reference signal TR like drawing 4 (c). The flip-flop 52 is cleared by this clear signal CLR, and 
the latch output of the flip-flop 52 is measured from sample data SDS from that time, Since the 
accumulation value of the flip-flop 52 is updated if sample data SDS is larger, peak detection 
value PK becomes like drawing 4 (e). When the clear signal CLR is generated by one track of the 
reproduction motion on the magnetic tape 90 to 1 time of timing, peak detection value PK is 
obtained by 1 track unit. 

[0047]Peak detection value PK is supplied to the subtractor 34, and the desired value M is 
subtracted. And the error E, i.e., the difference of a peak value and the desired value M, acquired 
by the subtraction is supplied to the low pass filter 35. As the low pass filter 35 is shown in 
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* 

\. drawing 4 (f) from the timing generation part 33, clock (LPF clock) CK L is supplied rather than 

the clear signal to the timing which carried out prescribed period delay, and smooth operation is 
performed based on this LPF clock CK L . That is, the error E in the timing from which peak 

detection value PK of the flip-flop 52 became a peak value in 1 track correctly serves as a 
candidate for data smoothing. And in the low pass filter 35, smoothing is performed for the error 
E inputted between the errors E about a part for a neighboring track, i.e., the number track of 
the past, the multiplication of the coefficient alpha will be carried out with the multiplier 36, and 
the smoothed signal EAV will be outputted to D/A converter 20. 

[0048]As a result of such a series of operations, when peak detection value PK is smaller than 
the desired value M f the output value to D/A converter 20 becomes small, and thereby, the 
dynamic range of A/D converter 14 is corrected in the direction which becomes small. 
Conversely, if peak detection value PK is larger than the desired value M, the dynamic range of 
A/D converter 14 will be corrected in the direction which becomes large. 

[0049]When sample data SD shall take the value of -128 - +127 here, I think that M was set as 
the desired value+1 10. Then, it will be controlled for the peak value of sample data SD of a one 
track period to average in this case, and to be set to **1 10. In this case, the surplus ratio to the 
saturation in A/D converter 14 is {(127-110) /1 10} x100=15 (%). 
It comes out. 

[0050]What is necessary is on the other hand, just to make the desired value M small for the 
increase in a quantization error, when [ a certain ] thinking that he would like to increase a 
saturation surplus ratio, even if it carries out grade permission. For example, it is set as the 
desired value M+50. Since the dynamic range of A/D converter 14 at this time will change in the 
direction which becomes large to the input signal amplitude to A/D converter 14, a saturation 
surplus ratio increases. Namely, {(127-50) /50} x1 00=1 54 (%) 

It becomes. That is, it will not be saturated until the input to A/D converter 14 large-amplitude- 
izes 2.54 times suddenly. 

[0051]When there is a possibility that large amplitude-ization [ **** / as an input from the 
above thing to A/D converter 14 ] may occur, it is understood that what is necessary is to make 
the value of the desired value M small and just to make a saturation margin high. So, in this 
example, the control signal generating section 21 supplies two values, the stationary state 
desired value M1 and the special state target values M2, to 37Tswitch 1 terminal and T2 terminal 
as a value which can be used as the desired value M, respectively. The stationary state desired 
value M1 sets up a comparatively small dynamic range, and is made into the value for lessening a 
quantization error, for example, is made into M1= "110." The special state target values M2 are 
desired values for setting up a dynamic range comparatively large even if it carries out grade 
permission, in order [ a certain ] to enlarge a saturation margin, for example, the increase in a 
quantization error is made into M2= "50." 

[0052] And the control signal generating section 21 supplies special state detection signal SS set 
to "H" from the search operation and operational mode transition time in a prescribed period to 
the dynamic range control circuit 19 as a switching control signal of the switch 37, as mentioned 
above. If special state detection signal SS is set to "H", T2 terminal will be connected to the 
switch 37, and as for the switch 37, T1 terminal will be connected if special state detection 
signal SS is set to "L" 

[0053]It is the period when special state detection signal SS is "L" at the usual reproduction 
motion time (stationary state), and the stationary state desired value M1 is supplied to the 
subtracter 34 as the desired value M at this time. Therefore, when M1= "1 10", as mentioned 
above, a saturation surplus ratio is 15% and the dynamic range of A/D converter 14 will be 
controlled to an input signal by the suitable state with few quantization errors. On the other 
hand, in a prescribed period, a (special state) and the special state target values M2 are supplied 
to the subtractor 34 as the desired value M from the period, at i.e., the search operation and 
operational mode transition time, when special state detection signal SS is "H." Therefore, if 
M1= "50", as mentioned above, a saturation surplus ratio is 154%, and as for the dynamic range 
of A/D converter 14, although a quantization error is large, it will be controlled to an input signal 
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* %w by the state where it had sufficient saturation margin. 

* [0054]The situation of dynamic range control is typically shown in drawing 6 . Suppose that 
operational mode changed to the time base direction (at the t1 - t6 time) with the stop -> 
reproduction -> rapid-traverse (FF) search -> rewind (REW) search -> reproduction -> stop. 
Drawing 6 (a) shows change of the desired value M, and drawing 6 (b) shows change of a 
saturation surplus ratio. 

[0055]After reproduction is first started from a halt condition, since special state detection 
signal SS is set to "H", the special state target values M2 are used as the desired value M, fixed 
time's (t0-t1) dynamic range is large, that is, a large saturation margin is taken at it. If it goes 
through predetermined time and special state detection signal SS is set to "L" (t1-t3), the 
stationary state desired value M1 is used as the desired value M, and although a dynamic range 
is small and a saturation margin is small, it will change a quantization error into a small state. 
[0056]If it shifts to a rapid-traverse search from t2 time, special state detection signal SS will be 
set to "H", a dynamic range will be enlarged, and, as for the rewind search at the t3 - t4 time, 
this state will be continued. Even if it furthermore shifts to reproduction motion at the t4 time, 
till t5 point in time which is a prescribed period from mode change, special state detection signal 
SS is still "H", and the state where the dynamic range was enlarged is continued, and t5 time or 
subsequent ones — t6 time — until — it changes a dynamic range into the small state where a 
quantization error is small, as a stationary state. 

[0057]Namely, in this example, an input signal makes the dynamic range of A/D converter 14 
small according to a certain stationary state which is carrying out grade stability, Aim at 
improvement in an error rate by lessening a quantization error, and on the other hand, when 
there is a possibility of causing change with a sudden input signal to A/D converter 14, the time 
of a search and mode change, etc., Even if a certain grade permits a quantization error, the 
dynamic range of A/D converter 14 is enlarged and an error is prevented from increasing to a 
degree very much by taking sufficient saturation margin so that the situation of overflow which 
must be avoided most may not occur. 

[0058][A 2nd embodiment] Drawing 7 and drawing 8 explain the example as a 2nd embodiment. 
The composition as [ whole ] a recording and reproducing device presupposes that it is the same 
as that of drawing 1 , and only an important section is shown in drawing 7 . 
[0059]A different point from the dynamic range control circuit 19 in a 1st embodiment of the 
above in the dynamic range control circuit 19 in this example, It is the point of performing 
operation by which there is no switch 37, the fixed desired value's M being supplied to the 
subtractor 34 from the control signal generating section 21 and special state detection signal SS 
are inputted into the low pass filter 35, and special state detection signal SS controls the 
response time constant of the low pass filter 35. 

[0060]Although the low pass filter 35 is formed as for example, an IIR digital filter, the common 
model of an IIR digital filter is shown in drawing 8 (a). That is, the multiplication of the input data 
is carried out to the coefficient K with the multiplier 71, and via the adding machine 72, it is 
delayed 1 sample timing and outputted in the delay circuit 73. The multiplication of the output of 
the delay circuit 73 is carried out to a coefficient (1-K) with the multiplier 74 again, and it is fed 
back to the adding machine 72. It is known for such an IIR digital filter that a response time 
constant will change with the values of the coefficient K (and 1-K). 

[0061 ]So, in this example, the speed of response of a dynamic range control loop is changed by 
making it change the value of the coefficient K (and 1-K) based on special state detection signal 
SS. 

[0062]The period when special state detection signal SS is "L" is at the usual reproduction 
motion time (stationary state), as mentioned above, and an amplitude change rapid as an input of 
A/D converter 14 at this time does not appear, and — in order to raise the stability of a 
dynamic range control loop — the response as the dynamic range control circuit 19 — a certain 
grade — it is better to make it late. Then, the low pass filter 35 sets the period when special 
state detection signal SS is "L", for example to coefficient K= 0.1 and coefficient (1-K) =0.9. 
then, the response time constant of the low pass filter 35 — drawing 8 (b) — like — a certain 
grade — it changes into a late state. 
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\ % [0063]On the other hand, in a prescribed period, a (special state) and an amplitude change rapid 
* as an input of A/D converter 14 may arise from the period, at i.e., the search operation and 
operational mode transition time, when special state detection signal SS is "H." In such a case, 
it is necessary to react immediately as dynamic range control operation, and to avoid overflow 
and increase of a quantization error. Then, the low pass filter 35 sets the period when special 
state detection signal SS is "H", for example to coefficient K= 0.3 and coefficient (1-K) =0.7, and 
changes a response time constant into a quick state like drawing 8 (c). 

[0064]In such this example, answer immediately [ when an amplitude change rapid as an input of 
A/D converter 14 arises in the time of a search, etc. ], and the dynamic range of A/D converter 

14 is changed properly, Overflow and increase of a quantization error can be avoided and, on the 
other hand, always [ constant ], a late response can realize stability of a dynamic range control 
loop moderately. 

[0065][A 3rd embodiment] Drawing 9 explains the example as a 3rd embodiment. The 
composition as [ whole ] a recording and reproducing device presupposes that it is the same as 
that of drawing 1 , and only an important section is shown in drawing 9 . A different point from the 
example as a 2nd embodiment which this example mentioned above is a point of having formed 
the positive/negative evaluating part 38. About the value of the error E which is an output of the 
subtracter 34, the positive/negative evaluating part 38 distinguishes a positive value or a 
negative value, and supplies it to the low pass filter 35 by making the discriminated result into 
the time number change signal J. 

[0066]As operation of the dynamic range control 19, When the error E is a negative value when 
peak detection value PK is smaller than the desired value M namely, as mentioned above, It 
controls so that the dynamic range of A/D converter 14 becomes small, and on the other hand, 
when the error E is a positive value when peak detection value PK is larger than the desired 
value M namely, it controls so that the dynamic range of A/D converter 14 becomes large. The 
positive/negative evaluating part 38 distinguishes whether the present processing controls by 
positive/negative judgment of the error E to become small about whether it controls so that a 
dynamic range becomes large. And the damping time constant of the low pass filter 35 will be 
controlled by the discriminated result. 

[0067] drawing 8 (b) which the low pass filter 35 set, for example to coefficient K= 0.1 and 
coefficient (1-K) =0.9, and was mentioned above when it was distinguished that the error E is 
negative — like — the response time constant of the low pass filter 35 — a certain grade — it 
changes into a late state. On the other hand, when it is distinguished that the error E is positive, 
it is made for the low pass filter 35 to set to coefficient K= 0.3 and coefficient (1-K) =0.7, and it 
changes a response time constant into a quick state like drawing 8 (c). 
[0068]That is, in the dynamic range control circuit 19 of this example, when expanding the 
dynamic range of A/D converter 14, a response is made quick. The time of expanding a dynamic 
range is a time of the input signal amplitude to A/D converter 14 becoming large, that is, is a 
time of a possibility that overflow will arise occurring. Therefore, when such, it is performing 
expansion control of a dynamic range by a quick response, and overflow generating is prevented. 
That is, it can be said that it is what strengthens the preventing function to the overflow which 
must not take place most. 

[0069][A 4th embodiment] The important section of a 4th embodiment is shown in drawing 10 . It 
is the point which he is trying to supervise also about the output of the digital equalizing circuit 

15 as a feature of the dynamic range control circuit 19 in this example as the dashed line 
showed also to drawing 1 . In this example, sample data SD which is an output of A/D converter 
14 is inputted into the rectification circuit 31 A, and is set to sample data SDS1 rectified. The 
output of the digital equalizing circuit 15 is inputted into the rectification circuit 31 B, and is set 
to data SDS2 rectified similarly. 

[0070]Sample data SDS1 rectified in the rectification circuit 31 A is supplied to TS1 terminal and 
the comparator 39 of the switch 40. Data SDS2 rectified in the rectification circuit 31 B is 
supplied to TS2 terminal and the comparator 39 of the switch 40. 

[0071]The comparator 39 performs size comparison about the value of data SDS1 inputted and 
SDS2, and outputs the comparison result as a control signal over the switch 40. That is, if data 
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SDS1 is larger, terminal TS1 will be connected to the switch 40, and if data SDS2 is larger, 
* terminal TS2 will be connected to the switch 40. 
[0072]Therefore, the data of the larger one as an absolute value among the outputs of sample 
data SD outputted from A/D converter 14 and the digital equalizing circuit 15 will be supplied to 
the peak detection circuit 32, and will be made into the object of peak detection operation. And 
like each example mentioned above, peak detection value PK and the desired value M are 
subtracted with the subtractor 34, and variable control of a dynamic range is performed 
according to the acquired error E. 

[0073]In such this example, the digital equalizing circuit 15 will also be included in a dynamic 
range control loop. Even if overflow does not occur in A/D converter 14, there will also be a 
possibility that sample data may overflow by the operation in the digital equalizing circuit 1 5. 
What is necessary is just to enlarge the dynamic range of A/D converter 14, when there is such 
fear in order to prevent the overflow in the digital equalizing circuit 15. 

[0074]By then, the thing for which the digital equalizing circuit 15 is also included in a dynamic 
range control loop like this example, both the output of the digital equalizing circuit 15 and the 
output of A/D converter 14 are supervised, and peak detection is performed. The dynamic range 
control of A/D converter 14 kept from generating the overflow in the digital equalizing circuit 15 
is attained. 

[0075][A 5th embodiment] The important section of a 4th embodiment is shown in drawing 11 . 
This example is provided with all the features of the 1st explained so far - the dynamic range 
control circuit as a 4th embodiment. 

[0076]That is, like a 1st embodiment, it is made for the switch 37 to switch according to special 
state detection signal SS, that is, the desired value M is switched to the stationary state desired 
value M1 and the special state target values M2 by special state detection signal SS. Thereby, in 
a regular reproduction state, few, at the time of a search, a dynamic range is enlarged at the 
time of mode transition, and a saturation margin is acquired [ with a small dynamic range ] also 
to a sudden large amplitude input the time in a quantization error. 

[0077]Like a 2nd embodiment, while changing the response time constant of the low pass filter 
35 by special state detection signal SS, even if it responds to positive/negative evaluation of the 
error E like a 3rd embodiment, the response time constant of the low pass filter 35 is changed. 
For this reason, special state detection signal SS is supplied to the low pass filter 35 via OR 
gate 41, and the damping time constant change signal J from the positive/negative evaluating 
part 38 is supplied to the low pass filter 35 via OR gate 41. 

[0078]Therefore, at the time of a search, at the time of mode transition, it changes the low pass 
filter 35 into a high speed response state, and also when it carries out expansion control of the 
dynamic range further, it changes it into a high speed response state. Even if an amplitude 
change rapid as an input of A/D converter 14 arises by this, answer immediately and the 
dynamic range of A/D converter 14 is changed properly, A response is made quick so that 
overflow and increase of a quantization error can be avoided, and on the other hand, always 
[ constant ], the stability of a dynamic range control loop is moderately obtained as a late 
response. It enables it to avoid overflow certainly by changing into a high speed response state 
also at the time of the dynamic range expansion with fear of overflow. 

[0079]Since he is trying to incorporate the output of the digital equalizing circuit 15 as well as 
[ still ] a 4th embodiment into a dynamic range control loop, not only A/D converter 14 but the 
function of the prevention from overflow in the digital equalizing circuit 1 5 will be exhibited. 
[0080] 



[Translation done.] 
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